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Background: Pressure support ventilation (PSV) is one of the most frequently 
used ventilator modes in the intensive care unit (ICU). The successful 
implementation of PSV depends on matching the patient’s inspiratory effort with 
the ventilator support. In clinical practice, the pressure support level is usually 
set and adjusted according to tidal volume and respiratory rate. However, these 
parameters may not fully represent the patient’s effort. Previous studies have 
shown that pressure muscle index (PMI), which is measured as the difference 
between the peak and plateau airway pressure during an end-inspiratory airway 
occlusion, could reliably determine the low and high inspiratory effort during 
PSV. Herein we present the study protocol for the Inspiratory effort-Targeted 
Pressure Support Ventilation (IT-PSV) trial to determine the effect of a PMI-
targeted pressure support setting strategy on clinical outcomes in patients 
undergoing PSV.

Methods and analysis: This is a cluster randomized controlled trial. Sixteen ICUs 
in academic hospitals will be included, eight of which will be randomly allocated 
to the PMI-targeted group and eight to the tidal volume/respiratory rate-targeted 
group. Before the initiation of the study, a four-week comprehensive training 
program, which includes courses of PSV initiation, pressure support adjustment, 
and weaning process, will be conducted for all staff in the participating ICUs. 
Adult patients with acute hypoxic respiratory failure and undergoing PSV within 
24  h will be  included. Pressure support setting and adjustment will follow the 
strategy according to the grouping. The primary outcome is the ventilator-free 
days at 28  days after enrollment. The patients will be followed up until successful 
weaning or separation of mechanical ventilation, death, hospital discharge, or 
until 28  days after randomization, whichever comes first.

Discussion: The IT-PSV trial will examine the effect of an inspiratory effort-
targeted PSV setting strategy on the duration of mechanical ventilation. If 
positive, it will provide a new physiological-based PSV management that could 
potentially facilitate protective assisted ventilation.
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1 Introduction

Mechanical ventilation is a necessary supportive care in the 
intensive care unit (ICU). Compared to controlled ventilator modes, 
assisted ventilation, during which the patient’s spontaneous breathing 
is maintained, can improve gas exchange and lung function, 
redistribute ventilation and end-expiratory volume to dependent lung 
areas, and prevent respiratory muscle atrophy (1). An international 
prospective cohort study demonstrated that the use of assisted 
ventilation had increased over the past two decades, and pressure 
support ventilation (PSV) had become the most frequently used 
assisted mode (2). However, preserving spontaneous breathing during 
positive pressure ventilation is not without safety concerns (3, 4). 
Under mechanical ventilation, against positive airway and alveolar 
pressure, vigorous inspiratory effort, especially in patients with acute 
lung injury, may dramatically increase global and regional lung stress 
and strain (3, 4). This is considered the primary mechanism of the 
patient’s self-inflicted lung injury (5). On the contrary, excessive 
support and/or deep sedation may result in low effort, which may lead 
to disuse atrophy of the inspiratory muscles, thereby prolonging the 
duration of mechanical ventilation (6). Therefore, monitoring and 
controlling inspiratory effort during assisted ventilation is of 
important clinical significance.

Although initially designed as a ventilator mode for the weaning 
process, PSV is widely used to assist ventilation during the acute phase 
of critical illness (2, 7). During PSV, the ventilator provides a constant 
level of pressure for breaths, which are all triggered by the patient (8). 
The successful implementation of PSV depends on matching the 
patient’s inspiratory effort with the ventilator support (7). Although 
esophageal pressure is used as a reference standard for inspiratory 
effort assessment (9, 10), its routine application is limited by the 
requirement of special equipment and complex computation processes 
(11, 12). In clinical practice, pressure support levels are usually set and 
adjusted according to tidal volume (VT) and respiratory rate (RR); 
however, these parameters may not fully represent the patient’s effort 
(7). Previous studies have also shown that over-assistance under PSV 
is not uncommon based on this setting strategy (13, 14). An easily 
accessible instrument is required to target the support level with the 
patient’s inspiratory effort at the bedside.

During PSV, an end-inspiratory airway occlusion can induce a 
plateau airway pressure (Paw). The difference between the peak and 
plateau Paw was named as pressure muscle index (PMI) (15). Studies 
have shown that PMI is closely correlated with inspiratory effort 
determined by esophageal pressure-derived indices (15–17) and 
electromyography of respiratory muscles (18). Our previous study also 
found that PMI could reliably discriminate low and high inspiratory 
effort with respective cutoff values of 0 and 2 cmH2O (19), and these 
cutoff values could be reliably used as a parameter to predict low and 
high contribution of patient’s effort during PSV (20). These results 
suggest the potential use of PMI as an effort-targeted indicator for 
PSV setting and adjustment. Moreover, PMI can be directly measured 

on the ventilator screen without additional equipment, suggesting its 
convenient bedside use.

With a cluster randomized controlled trial (RCT) design, the 
Inspiratory effort-Targeted Pressure Support Ventilation (IT-PSV) 
trial will determine the effect of a PMI-targeted pressure support 
setting strategy on clinical outcomes in patients undergoing 
PSV. We are proposing a physiological-oriented assisted ventilation 
management that, if found effective, could potentially change the 
clinical practice of mechanical ventilation.

2 Methods and analysis

2.1 Study design, settings, and ethics

IT-PSV is a cluster RCT that will test the influence of a PMI-targeted 
pressure support adjustment strategy on clinical outcomes in patients 
undergoing PSV. The flowchart of the trial is shown in Figure 1A.

The study protocol has been approved by the Institutional Ethics 
Committee in Beijing Shijitan Hospital (IIT2024-029-002) and registered 
at ClinicalTrials.org (NCT06526598). The study design adheres to the 
standard protocol items for randomized trials (Supplementary material S1 
shows the Standard Protocol Items: Recommendations for Interventional 
Trials [SPIRIT] 2013 Checklist) (21).

Before the start of the study, a central coordination group is 
formed of three chief investigators (FXZ, LW, and JXZ) and clinical 
research coordinators. An invitation letter is sent to the directors of 
ICUs in academic hospitals in Beijing, Tianjin, and Hebei (Jing-Jin-Ji 
area) in China. The included ICUs have to fulfill the following criteria:

 1) The unit is run by full-time ICU physicians with 24 h coverage;
 2) The number of beds is more than 10;
 3) The nurse-to-bed ratio is more than 2.5:1;
 4) Ventilators capable of end-inspiratory airway occlusion 

are available;
 5) Standard clinical practice for mechanical ventilation has 

been established.

Finally, 16 ICUs (clusters) are included, eight allocated to the 
PMI-targeted group and eight to the VT/RR-targeted group. A local 
primary investigator is confirmed in each participating ICU, who will 
provide structural and scientific leadership and guarantee the integrity 
and timeliness of data collection. Ethical approval is obtained in each 
participating hospital.

2.2 Randomization

The randomization will be performed by a statistician who will not 
be involved in the study procedures. To improve power and balance, 
the 16 participating ICUs (clusters) are matched in pairs with a similar 

https://doi.org/10.3389/fmed.2024.1483976
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://ClinicalTrials.gov
http://ClinicalTrials.org


Lu et al. 10.3389/fmed.2024.1483976

Frontiers in Medicine 03 frontiersin.org

number of beds and volume of patients undergoing mechanical 
ventilation (22). The ICUs are randomized within the pairs with a 1:1 
ratio to either the PMI-targeted (n = 8) or VT/RR-targeted (n = 8) group.

Due to the nature of the intervention and control, it is not possible 
to blind participating ICUs, personnel providing patient care in the ICU, 
and researchers performing data collection. However, the researchers 
who conduct the statistical analyses will be blinded to the grouping.

2.3 Patients

Mechanically ventilated patients admitted to the ICU with acute 
hypoxic respiratory failure (AHRF) (23) will be consecutively screened 
daily at 08:00–10:00 morning rounds. Patients undergoing PSV are 
eligible for inclusion.

2.3.1 Inclusion criteria
 1) PSV initiated during the last 24 h, whether transition from 

controlled modes or primary initiation;
 2) Mechanical ventilation expected to be  required for at least 

24–48 h by responsible physicians;
 3) The partial pressure of oxygen in arterial blood (PaO2)/inspired 

oxygen fraction (FiO2) ≤ 300 mmHg (measuring at clinical FiO2 
and positive end-expiratory pressure [PEEP]);

 4) No sedation or stable sedation with Richmond Agitation 
Sedation Scale (RASS) of −2 to +1 or Riker’s Sedation-
Agitation Scale (SAS) of 3 to 4 (24).

2.3.2 Exclusion criteria
 1) Age younger than 18 years old;
 2) Initiation of PSV before ICU admission;

FIGURE 1

Flow chart of the trial (A) and data structure (B). EIO, end-inspiratory occlusion; MV, mechanical ventilation; PMI, pressure muscle index; PSV, pressure 
support ventilation; RR, respiratory rate; VT, tidal volume.
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 3) Duration of mechanical ventilation longer than 7 days 
before enrollment;

 4) History of neuromuscular diseases;
 5) Clinical suspicion of increased intracranial pressure;
 6) Presentation with pneumothorax and/or bronchopleural fistula;
 7) Extracorporeal support;
 8) Moribund conditions;
 9) Refusal by the ICU physicians or the patient.

The patients will be  enrolled only once during the same 
hospitalization. Written informed consent will be obtained from the 
patient or their legal representative.

2.4 Study procedures

In both PMI-targeted and VT/RR-targeted groups, standard 
clinical care for mechanical ventilation is followed according to local 
routine practice, which is formatted based on international clinical 
guidelines, except for pressure support adjustment during PSV.

2.4.1 General standard of care for mechanical 
ventilation

Analgesia is routinely used in mechanically ventilated patients 
with continuous infusion of fentanyl or remifentanil. Sedation with 
midazolam, propofol, or dexmedetomidine is used when the patient 
exhibits agitation and a light sedation level is maintained on RASS of 
−2 to +1 or Riker’s SAS of 3 to 4 (24).

In patients with AHRF, mechanical ventilation is usually initiated 
on protective control ventilation, such as volume or pressure control 
mode, with VT 6–8 mL/kg predicted body weight (PBW), RR to 
control arterial partial pressure of carbon dioxide (PaCO2) and pH, 
and FiO2 and PEEP to maintain pulse arterial oxygen saturation 
(SpO2) between 90 and 95% (25, 26).

2.4.2 Transition of control modes to PSV
During the morning rounds, the responsible ICU physicians 

check the ventilator mode for each patient. The ventilator mode is 
recommended to transit from controlled modes to PSV if all the 
following criteria are met:

 1) The patient is able to trigger ventilator breaths;
 2) PaO2/FiO2 above 100 mmHg;
 3) PEEP below 15 cmH2O;
 4) Stable hemodynamic status (none or stable doses of vasopressors);
 5) No sedation or light sedation ([RASS] of −2 to +1 or [SAS] of 

3 to 4).

2.4.3 PSV setting strategy
In both the PMI-targeted and VT/RR-targeted groups, the same 

principle PSV settings are followed except for the adjustment of 
pressure support level:

 1) The inspiratory trigger sensitivity is set as 1–2 L/min for the 
flow-trigger or 1.5–3 cmH2O for the pressure-trigger;

 2) Inspiration-to-expiration cycle-off is set as 25% of the peak 
inspiratory flow. Responsible physicians can adjust this parameter 
in case of suspected cycle-off patient-ventilator asynchrony;

 3) FiO2 and PEEP are set to maintain SpO2 between 90 and 95%. 
Specifically, if SpO2 is lower than 90%, PEEP and then FiO2 will 
be increased by 2 cmH2O and 0.1, respectively; whereas if SpO2 
is higher than 95%, FiO2 and then PEEP will be decreased by 
0.1 and 2 cmH2O, respectively.

In the VT/RR-targeted group, the pressure support is adjusted to 
obtain a VT between 6 and 8 mL/kg PBW, RR between 20 and 35 
breaths/min, and no signs of respiratory distress, such as prominent 
use of the accessory respiratory muscles, nose flaring, retractions, etc. 
(Figure 2A).

In the PMI-targeted group, the pressure support is adjusted 
according to the algorithm shown in Figure 2B. During PSV, after an 
end-inspiratory airway occlusion, Paw will reach a plateau. PMI can 
be measured on the ventilator screen as plateau Paw minus peak Paw 
by using a sliding marking line when the screen frozen function is 
initiated. According to our previous studies, a PMI value of 0 to 2 
cmH2O will be used as the target for pressure support adjustment. This 
PMI range represents a well-accepted normal inspiratory effort (19, 20).

During the study period in the two groups, pressure support 
adjustment will be performed at least twice daily.

2.4.4 Rescue backup of controlled ventilation
In both groups, PSV can be  switched to protective controlled 

modes when predefined criteria are met, which include at least one of 
the following conditions:

 1) Pressure support level above 20 cmH2O;
 2) PEEP above 15 cmH2O;
 3) pH < 7.30;
 4) PaO2/FiO2 ≤ 100 mmHg;
 5) Strong inspiratory effort which cannot be controlled by sedation;
 6) Unstable hemodynamic status (systolic blood pressure below 

90 mmHg with vasopressors or systolic blood pressure above 
180 mmHg);

 7) Active cardiac ischemia;
 8) Unconsciousness (RASS < −3 or SAS < 2);
 9) Dangerous agitation that cannot be  controlled by sedation 

(RASS > +2 or SAS > 6).

Data will be documented in patients whose mechanical ventilation 
is switched to controlled modes. The patients will be reassessed at least 
every 12 h and transited back to PSV as soon as possible according to 
the abovementioned criteria. The patients will be visited daily until 
28 days after randomization. Data will be documented and reported 
for those patients whose controlled ventilation is not transited back to 
PSV during the follow-up.

2.4.5 Weaning and extubation
The weaning and extubation process follows clinical guidelines 

recommended by the American Thoracic Society and the American 
College of Chest Physicians (27).

The attending physicians assess readiness to initiate the weaning 
process during daily morning rounds. If all the following aspects are 
satisfied, an SBT will be performed:

 1) Improvement of the cause of intubation and mechanical  
ventilation;
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 2) Hemodynamic stability when the dose of norepinephrine is less 
than 0.1 μg/kg/min or equivalent and lasts for 6 h at stable or 
reduced doses;

 3) No agitation or coma;
 4) SpO2 higher than 90% with FiO2 less than 0.4 and PEEP less 

than 5 cmH2O.

FIGURE 2

Pressure support setting and adjustment strategy in VT/RR-targeted group (A) and PMI-targeted group (B). PBW, predicted body weight; PMI, pressure 
muscle index; RR, respiratory rate; VT, tidal volume.
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SBT is conducted by respiratory therapists using the low-level PSV 
with pressure support of 5 cmH2O and PEEP of 5 cmH2O. The SBT 
will last at least 30 min, and criteria for failure of SBT include:

 1) RR of greater than 35 breaths/min for more than 5 min;
 2) SpO2 of less than 90%;
 3) Elevated PaCO2 and/or pH of less than 7.3;
 4) Heart rate (HR) of greater than 140 beats/min or a sustained 

change in HR of more than 20%;
 5) Systolic blood pressure greater than 180 mmHg or less than 

90 mmHg;
 6) Signs of cardiac ischemia indicated by dynamic ST changes on 

ICU monitor or electrocardiogram;
 7) Abrupt unconsciousness with RASS below −3 or SAS 

below 2;
 8) Signs of anxiety, agitation, or diaphoresis.

Patients with a failure SBT will be mechanically ventilated with 
PSV following settings and adjustments according to the 
original grouping.

Extubation will be performed in endotracheal intubated patients 
who pass the SBT, and mechanical ventilation will be discontinued 
in patients with tracheostomy. PSV will be restored to maintain the 
grouping in patients with reintubation or reapplication of mechanical 
ventilation via tracheostomy within 7 days. The decision to 
reintubate and restore mechanical ventilation will be at the discretion 
of the ICU physician team according to the local standard of care. 
The duration of mechanical ventilation will be  added to the 
total duration.

2.5 Data collection

An electronic case report form (eCRF) is designed and available 
online via the SoJump platform (Changsha Ranxing Information 
Technology Co., Ltd, Hunan, China) (online table). Before the start of 
the study, clinical research coordinators who have received training in 
data collection are assigned to each participating ICU.

Data will be anonymous and coded with a three-level structure 
(Figure  1B). Level 1 represents each enrolled patient, who will 
be  assigned a unique three-digit number. In Level 2, each cluster 
(ICU) will be assigned a unique two-digit number. In level 3, clusters 
randomized to the PMI-targeted or the VT/RR-targeted group will 
be  assigned number one or two, respectively. The eCRF will 
automatically assign a data code to each patient as xxx-xx-x 
(patient-cluster-group).

2.5.1 Data collected at the study entry
At baseline, demographics, comorbidities, diagnosis for ICU 

admission, recent medical history, reasons for mechanical ventilation, 
duration of ventilation before enrolment, conditions of gas exchange, 
and mechanical ventilation settings will be documented, as will the 
Acute Physiological and Chronic Health Evaluation II (APACHE II) 
score at the ICU admission.

2.5.2 Data collection during daily visits
All patients will be visited daily between 08:00 and 12:00 until 

successful weaning or separation of mechanical ventilation, death, 

hospital discharge, or until 28 days after randomization. Successful 
weaning or separation of mechanical ventilation is defined as 
extubation without reintubation or death within the next 7 days, 
whether post-extubation noninvasive ventilation is used or not, or 
ICU discharge without invasive mechanical ventilation within 7 days, 
whichever comes first (28).

Data collected include:

 1) Gas exchange: SpO2 and arterial blood gas analysis;
 2) Hemodynamics: blood pressure, HR, vasoactive agents, and 

cumulative fluid balance during the last day;
 3) Analgesia and sedation: RASS or SAS score, visual analog scale 

or critical care pain observation tool, the use of analgesics 
and sedatives;

 4) Sequential Organ Failure Assessment (SOFA) score;
 5) Switch to controlled ventilation: whether switching to 

controlled mode during the last 24 h, reasons,  
and settings;

 6) PSV: pressure support level, PEEP, FiO2, VT, and RR;
 7) Respiratory drive: the negative airway pressure generated 

during the first 100 ms against an end-expiratory airway 
occlusion (airway occlusion pressure, P0.1) (29);

 8) SBT: whether performing an SBT during the last 24 h, methods, 
and results;

 9) Extubation or discontinuation of mechanical ventilation: 
whether performed during the last 24 h;

 10) Re-intubation or restoration of mechanical ventilation: whether 
performed during the last 24 h and reasons;

 11) Tracheostomy: whether performed during the last 24 h;
 12) Self-extubation: whether occurring during the last 24 h;
 13) 28-day follow-up: duration of mechanical ventilation, length of 

stay in the ICU and hospital, and death.

2.6 Outcome measures

2.6.1 Primary outcome
The primary outcome is the ventilator-free days (VFDs) at day 28 

after enrollment. The calculation of VFDs will follow the standard 
recommendations (30, 31).

2.6.2 Secondary outcomes
Secondary outcomes include:

 1) Duration of mechanical ventilation before enrollment;
 2) Total duration of mechanical ventilation;
 3) The time before the first SBT, which is defined as the time 

interval from intubation and mechanical ventilation to the first 
SBT attempt;

 4) Weaning time, which is defined as the time from the first SBT 
attempt to successful discontinuation of mechanical 
ventilation (28);

 5) Frequency of prolonged weaning, which is defined following 
WIND classification (28);

 6) Frequency of self-extubation, re-intubation, tracheotomy, and 
mechanical ventilation longer than 21 days

 7) Length of stay in the ICU and hospital;
 8) ICU mortality, hospital mortality, and 28-day mortality.
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2.7 Training and quality control

After randomization, a four-week comprehensive training 
program will be conducted for all staff in the participating ICUs before 
the formal start of the trial.

The program includes:

 1) Two 30 min online hands-on training “PSV initiation, pressure 
support adjustment, and weaning process” courses, each for the 
PMI-targeted and VT/RR-targeted group, will be separately 
held for staff in ICUs according to the grouping;

 2) The videos of these courses will be  disseminated to the 
participating ICUs, and the local primary investigators will 
be responsible for organizing local training;

 3) A formal training and operational manual will be composed 
and disseminated to the participating ICUs;

 4) Chief investigators (FXZ, LW, and JXZ) will outreach visit each 
participating ICU to provide on-site hands-on training before 
the start of the trial.

We will pay special attention to measuring PMI in the training 
program for the PMI-targeted group. According to our previous 
study (20) and recommendations provided by Bianchi et al. (32), the 
training course demonstrates a standard performance of 
end-inspiratory airway occlusion. Physicians, nurses, and respiratory 
therapists in the PMI-targeted group will be instructed and trained 
to perform air leak checks, to observe the flow-time waveform 
during occlusion, and to obtain a longer than a 2 s duration of 
plateau Paw.

During the study, some active and passive measures are conducted 
for quality control:

 1) One clinical research coordinator will be  assigned to each 
participating ICU;

 2) Monthly site inspections and audits of data collection will 
be  carried out at each ICU by the central coordination  
group;

 3) A pocket card with the instructions for trial intervention is 
designed and will be disseminated to the ICU staff;

 4) A color poster is designed and will be placed on the head of 
each enrolled patient’s bed.

2.8 Safety

A safety monitoring board composed of three independent 
experts on mechanical ventilation who do not participate in the 
conduct of the trial will supervise the safety of the study.

On the basis of clinical experience and the results of physiologic 
studies (18–20), the additional risks for patients enrolled in the 
PMI-targeted group are expected to be minimal in comparison to the 
standard of care employed in the VT/RR-targeted group. Nonetheless, 
patient insurance will be  granted to cover all unexpected adverse 
events caused by the trial interventions. All adverse events will 
be monitored and reported to the safety monitoring board. The board 
will review and examine the report and provide written 
recommendations to the chief investigators.

2.9 Sample size and statistical analysis

2.9.1 Sample size estimation
Our previous studies showed that the mean (± standard deviation) 

VFDs in Chinese academic hospitals was 19 ± 3.3 days (19, 20). An 
individual RCT will require 342 patients to detect a one-day increase 
in VFDs with a type I error (Alpha) of 0.05 and a power of 80%. 
According to previous studies, an intra-cluster correlation coefficient 
of 0.03 is used to calculate the sample size for the cluster RCT (33, 34), 
which results in a target of 551 recruited patients. Accounting for 15% 
of immeasurable PMI during PSV (19, 20), a sample of 648 will be the 
target, with an approximate average recruiting 40 patients in 16 
participating ICUs.

2.9.2 Statistical analysis plan
All statistical analyses will be conducted in accordance with the 

intention-to-treat principle. That is, all randomized patients will 
be analyzed in the groups to which they were originally allocated. 
Researchers performing statistical analysis will be  blinded to the 
cluster grouping.

Categorical variables will be  presented as numbers and 
percentages and compared using the chi-squared test or Fisher’s exact 
test. For continuous variables, normal distribution will be checked by 
Kolmogorov–Smirnov Test, and presented as mean and standard 
deviation or median and interquartile range, as appropriate. 
Comparison of continuous variables will be performed by Student’s 
t-test for normally distributed variables and the Mann–Whitney U test 
for non-normally distributed variables.

Time-to-event variables will be analyzed using survival analysis, 
and the difference between groups will be assessed with the log-rank test.

The patients will be stratified a priori into subgroups with:

 1) high versus intermediate and low respiratory drive according 
to the P0.1 criteria reported by a previous study (29);

 2) diagnosis of acute respiratory distress syndrome (ARDS) versus 
non-ARDS according to the Global definition (35);

 3) long versus short duration of controlled ventilation before 
enrollment according to the median obtained in all 
enrolled patients.

Statistical analyses will be  performed using MedCalc (2022 
MedCalc Software Ltd., Belgium). A p value of less than 0.05 is 
considered statistically significant.

3 Discussion

In the current clinical practice of PSV, a combination of VT and 
RR is recommended as the target inspiratory support level (7, 8), and 
many centers follow this strategy (36–38). However, previous studies 
have shown that excessive support of inspiratory pressure may not 
be  uncommon based on this approach (13, 14). Additionally, a 
mismatch between patient demand and ventilatory support is the 
main reason for patient-ventilator asynchrony, which may make 
weaning difficult and lead to prolonged mechanical ventilation (39, 
40). Therefore, monitoring the patient’s inspiratory effort and tailoring 
the pressure support to match the effort is a reasonable solution.
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Previous studies have suggested that the PMI, which can 
conveniently be obtained on the ventilator screen, could reliably detect 
low and high inspiratory effort (18–20). In patients undergoing PSV, 
our study group also found the range of PMI to predict the high and 
low contribution of a patient’s effort and the feasibility of pressure 
support adjustment according to the PMI target (20).

In this cluster RCT, the major intervention is comparing the 
pressure support setting and adjustment strategy between the VT/RR 
target (traditional strategy) and the PMI target (modified strategy). 
Randomization within one ICU may result in confusion among staff 
caring for the patients and a high likelihood of crossover during the 
study. Therefore, we  chose a cluster RCT design rather than an 
individual RCT to avoid contamination.

The design of the study procedures is based on two main 
principles: rigorousness and feasibility. In the study protocol, 
we predefine standard clinical management of PSV, including the 
initiation of PSV, PSV setting strategy depending on the grouping, 
rescue backup of controlled ventilation modes, and weaning and 
extubation process. These components of the procedures are in 
accordance with the international guidelines (25–28) and followed by 
the participating ICUs. Additionally, we reinforce these procedures 
through comprehensive training before the initiation of the trial and 
the use of active and passive measures of quality control during the 
study. On the other hand, for the feasibility of the study, we mainly 
focus on the application of pressure support setting and adjustment 
strategy with a limited burden on the intervention workload.

A clear algorithm for pressure support adjustment is designed 
in either the VT/RR-targeted or PMI-targeted group (Figure 2). In 
both groups, safety considerations are schemed in case the adjusted 
pressure support level does not achieve the target. We anticipate 
that these algorithms will be  highly operable in the 
study’s performance.

Post-hoc analysis will be performed by predefine stratification 
into a subgroup with high inspiratory effort, a subgroup with ARDS, 
and a subgroup with a long duration of controlled ventilation before 
enrollment. Such subgroup analysis may help identify patient 
populations that may benefit from pressure support adjustment 
strategies based on effort assessment.

There are two major potential problems in the present study. The 
first is the accessibility of a stable plateau Paw during end-inspiratory 
occlusion and the measurement of PMI. This maneuver is not widely 
applied in clinical practice because airway occlusion may induce an 
unstable plateau Paw (32). However, relatively high incidences of 
unstable occluded Paw were reported in retrospective PMI analyses in 
which the main purpose was not the measurement of plateau pressure 
in the original studies (16, 41). In our previous study, we integrated a 
training and quality control approach emphasizing several key points 
during the end-inspiratory occlusion (check of air leak, observation 
of zero flow during the occlusion, and a length of occlusion longer 
than 2 s) (19, 20). Incidence of immeasurable plateau pressure 
decreased to less than 10%. These results were confirmed by a recently 
published study by another research group (18). Second, in our 
experience and results from published investigations (42), it seems 
that PSV is only used as a mode for preparing the liberation of 
mechanical ventilation in many Chinese ICUs. However, an 
international prospective cohort study demonstrated that the use of 
PSV had increased over the past two decades and became the most 
commonly used assisted ventilation mode during the acute phase of 

critical illness (2). As mentioned above, the training in standard 
clinical management of mechanical ventilation, especially for the 
initiation of PSV, will be  emphasized before the start of the trial. 
We  hope this approach might enrich our recruitment. However, 
because there is substantial heterogeneity in the mechanically 
ventilated patients, subtypes of patients may have a different response 
to the support pressure adjustment. For example, patients with AHRF 
are quite different from those with ARDS (43). Although 
we  predefined post-hoc subgroup analysis, future work with 
prespecified subgroups will be needed and helpful, such as patients 
with abnormal low or high inspiratory drive and effort.

In conclusion, IT-PSV is a cluster RCT that will evaluate the effect 
of a PMI-targeted pressure support setting and adjustment strategy on 
the duration of mechanical ventilation in patients undergoing PSV. If 
positive, it will provide a new physiological-based PSV management 
that could potentially facilitate protective assisted ventilation.

Dissemination policy

The data generated in the present study will be available from the 
corresponding author upon reasonable request. The results of the trial 
will be  submitted to press conferences and/or international peer-
reviewed journals.

Ethics statement

The studies involving humans were approved by Institutional 
Ethics Committee in Beijing Shijitan Hospital (IIT2024-029-002). The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

W-YL: Conceptualization, Investigation, Writing – original draft. 
M-YM: Conceptualization, Investigation, Writing – original draft. RG: 
Methodology, Writing – review & editing. Y-LY: Methodology, 
Writing – review & editing. LZ: Methodology, Writing – review & 
editing. LW: Writing – review & editing, Conceptualization, 
Supervision. F-XZ: Conceptualization, Supervision, Writing – review 
& editing. LL: Supervision, Writing – review & editing, Methodology. 
J-XZ: Supervision, Writing – review & editing, Conceptualization, 
Funding acquisition.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This project 
was funded by Capital’s Funds for Health Improvement and Research 
in 2024 (CFH 2024-1-2081) and supported by Capital Medical 
University’s Clinical and Research Center program (grant number 
CMU-2023-45). The sponsors have no role in the study design and 
conduct; the data collection, management, analysis, and interpretation; 
or the preparation and approval of the manuscript.

https://doi.org/10.3389/fmed.2024.1483976
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Lu et al. 10.3389/fmed.2024.1483976

Frontiers in Medicine 09 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1483976/
full#supplementary-material

References
 1. Putensen C, Muders T, Varelmann D, Wrigge H. The impact of spontaneous 

breathing during mechanical ventilation. Curr Opin Crit Care. (2006) 12:13–8. doi: 
10.1097/01.ccx.0000198994.37319.60

 2. Esteban A, Frutos-Vivar F, Muriel A, Ferguson ND, Penuelas O, Abraira V, et al. 
Evolution of mortality over time in patients receiving mechanical ventilation. Am J 
Respir Crit Care Med. (2013) 188:220–30. doi: 10.1164/rccm.201212-2169OC

 3. Yoshida T, Fujino Y, Amato MB, Kavanagh BP. Fifty years of research in Ards. 
Spontaneous breathing during mechanical ventilation. Risks, mechanisms, and 
management. Am J Respir Crit Care Med. (2017) 195:985–92. doi: 10.1164/
rccm.201604-0748CP

 4. Yoshida T, Amato MBP, Kavanagh BP, Fujino Y. Impact of spontaneous breathing 
during mechanical ventilation in acute respiratory distress syndrome. Curr Opin Crit 
Care. (2019) 25:192–8. doi: 10.1097/MCC.0000000000000597

 5. Brochard L, Slutsky A, Pesenti A. Mechanical ventilation to minimize progression 
of lung injury in acute respiratory failure. Am J Respir Crit Care Med. (2017) 195:438–42. 
doi: 10.1164/rccm.201605-1081CP

 6. Goligher EC, Brochard LJ, Reid WD, Fan E, Saarela O, Slutsky AS, et al. 
Diaphragmatic Myotrauma: a mediator of prolonged ventilation and poor patient 
outcomes in acute respiratory failure. Lancet Respir Med. (2019) 7:90–8. doi: 10.1016/
S2213-2600(18)30366-7

 7. Proklou A, Karageorgos V, Vaporidi K. The potential risks of pressure support 
ventilation In: J-L Vincent, editor. Annual update in intensive care and emergency 
medicine 2023. Cham: Springer Nature Switzerland (2023). 207–20.

 8. Brochard L, Lellouche F. Pressure support ventilation In: M Tobin, editor. Principles 
and practice of mechanical ventilation. New York: McGraw Hill Companies (2013). 
199–227.

 9. Akoumianaki E, Maggiore SM, Valenza F, Bellani G, Jubran A, Loring SH, et al. The 
application of esophageal pressure measurement in patients with respiratory failure. Am 
J Respir Crit Care Med. (2014) 189:520–31. doi: 10.1164/rccm.201312-2193CI

 10. Mauri T, Yoshida T, Bellani G, Goligher EC, Carteaux G, Rittayamai N, et al. 
Esophageal and Transpulmonary pressure in the clinical setting: meaning, usefulness 
and perspectives. Intensive Care Med. (2016) 42:1360–73. doi: 10.1007/
s00134-016-4400-x

 11. de Vries H, Jonkman A, Shi ZH, Spoelstra-de Man A, Heunks L. Assessing 
breathing effort in mechanical ventilation: physiology and clinical implications. Ann 
Transl Med. (2018) 6:387. doi: 10.21037/atm.2018.05.53

 12. Telias I, Spadaro S. Techniques to monitor respiratory drive and inspiratory effort. 
Curr Opin Crit Care. (2020) 26:3–10. doi: 10.1097/MCC.0000000000000680

 13. Al-Bassam W, Dade F, Bailey M, Eastwood G, Osawa E, Eyeington C, et al. "likely 
Overassistance" during invasive pressure support ventilation in patients in the intensive 
care unit: a multicentre prospective observational study. Crit Care Resusc. (2019) 
21:18–31. doi: 10.1016/S1441-2772(23)00572-0

 14. Miao MY, Chen W, Zhou YM, Gao R, Song DJ, Wang SP, et al. Validation of the 
flow index to detect low inspiratory effort during pressure support ventilation. Ann 
Intensive Care. (2022) 12:89. doi: 10.1186/s13613-022-01063-z

 15. Foti G, Cereda M, Banfi G, Pelosi P, Fumagalli R, Pesenti A. End-inspiratory 
airway occlusion: a method to assess the pressure developed by inspiratory muscles in 
patients with acute lung injury undergoing pressure support. Am J Respir Crit Care Med. 
(1997) 156:1210–6. doi: 10.1164/ajrccm.156.4.96-02031

 16. Kyogoku M, Shimatani T, Hotz JC, Newth CJL, Bellani G, Takeuchi M, et al. 
Direction and magnitude of change in plateau from peak pressure during inspiratory 
holds can identify the degree of spontaneous effort and elastic workload in ventilated 
patients. Crit Care Med. (2021) 49:517–26. doi: 10.1097/CCM.0000000000004746

 17. Natalini G, Buizza B, Granato A, Aniballi E, Pisani L, Ciabatti G, et al. Non-
invasive assessment of respiratory muscle activity during pressure support ventilation: 

accuracy of end-inspiration occlusion and Least Square fitting methods. J Clin Monit 
Comput. (2021) 35:913–21. doi: 10.1007/s10877-020-00552-5

 18. Docci M, Rezoagli E, Teggia-Droghi M, Coppadoro A, Pozzi M, Grassi A, et al. 
Individual response in Patient's effort and driving pressure to variations in assistance 
during pressure support ventilation. Ann Intensive Care. (2023) 13:132. doi: 10.1186/
s13613-023-01231-9

 19. Yang YL, Liu Y, Gao R, Song DJ, Zhou YM, Miao MY, et al. Use of airway pressure-
based indices to detect high and low inspiratory effort during pressure support 
ventilation: a diagnostic accuracy study. Ann Intensive Care. (2023) 13:111. doi: 10.1186/
s13613-023-01209-7

 20. Gao R, Zhou JX, Yang YL, Xu SS, Zhou YM, Zhang L, et al. Use of pressure muscle 
index to predict the contribution of Patient's inspiratory effort during pressure support 
ventilation: a prospective physiological study. Front Med (Lausanne). (2024) 11:1390878. 
doi: 10.3389/fmed.2024.1390878

 21. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeric K, et al. 
Spirit 2013 statement: defining standard protocol items for clinical trials. Ann Intern 
Med. (2013) 158:200–7. doi: 10.7326/0003-4819-158-3-201302050-00583

 22. Greevy R, Lu B, Silber JH, Rosenbaum P. Optimal multivariate matching before 
randomization. Biostatistics. (2004) 5:263–75. doi: 10.1093/biostatistics/5.2.263

 23. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al. High-flow oxygen 
through nasal cannula in acute hypoxemic respiratory failure. N Engl J Med. (2015) 
372:2185–96. doi: 10.1056/NEJMoa1503326

 24. Devlin JW, Skrobik Y, Gelinas C, Needham DM, Slooter AJC, Pandharipande PP, 
et al. Clinical practice guidelines for the prevention and Management of Pain, agitation/
sedation, delirium, immobility, and sleep disruption in adult patients in the Icu. Crit 
Care Med. (2018) 46:e825–73. doi: 10.1097/CCM.0000000000003299

 25. Grasselli G, Calfee CS, Camporota L, Poole D, Amato MBP, Antonelli M, et al. 
Esicm guidelines on acute respiratory distress syndrome: definition, phenotyping and 
respiratory support strategies. Intensive Care Med. (2023) 49:727–59. doi: 10.1007/
s00134-023-07050-7

 26. Qadir N, Sahetya S, Munshi L, Summers C, Abrams D, Beitler J, et al. An update 
on Management of Adult Patients with acute respiratory distress syndrome: an official 
American Thoracic Society clinical practice guideline. Am J Respir Crit Care Med. (2024) 
209:24–36. doi: 10.1164/rccm.202311-2011ST

 27. Schmidt GA, Girard TD, Kress JP, Morris PE, Ouellette DR, Alhazzani W, et al. 
Official executive summary of an American Thoracic Society/American College of Chest 
Physicians Clinical Practice Guideline: liberation from mechanical ventilation in 
critically ill adults. Am J Respir Crit Care Med. (2017) 195:115–9. doi: 10.1164/
rccm.201610-2076ST

 28. Beduneau G, Pham T, Schortgen F, Piquilloud L, Zogheib E, Jonas M, et al. 
Epidemiology of weaning outcome according to a new definition. The Wind study. Am 
J Respir Crit Care Med. (2017) 195:772–83. doi: 10.1164/rccm.201602-0320OC

 29. Telias I, Junhasavasdikul D, Rittayamai N, Piquilloud L, Chen L, Ferguson ND, 
et al. Airway occlusion pressure as an estimate of respiratory drive and inspiratory effort 
during assisted ventilation. Am J Respir Crit Care Med. (2020) 201:1086–98. doi: 
10.1164/rccm.201907-1425OC

 30. Schoenfeld DA, Bernard GR, Network A. Statistical evaluation of ventilator-free 
days as an efficacy measure in clinical trials of treatments for acute respiratory distress 
syndrome. Crit Care Med. (2002) 30:1772–7. doi: 10.1097/00003246-200208000-00016

 31. Yehya N, Harhay MO, Curley MAQ, Schoenfeld DA, Reeder RW. Reappraisal of 
ventilator-free days in critical care research. Am J Respir Crit Care Med. (2019) 
200:828–36. doi: 10.1164/rccm.201810-2050CP

 32. Bianchi I, Grassi A, Pham T, Telias I, Teggia Droghi M, Vieira F, et al. 
Reliability of plateau pressure during patient-triggered assisted ventilation. Analysis 
of a multicentre database. J Crit Care. (2022) 68:96–103. doi: 10.1016/j.
jcrc.2021.12.002

https://doi.org/10.3389/fmed.2024.1483976
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1483976/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1483976/full#supplementary-material
https://doi.org/10.1097/01.ccx.0000198994.37319.60
https://doi.org/10.1164/rccm.201212-2169OC
https://doi.org/10.1164/rccm.201604-0748CP
https://doi.org/10.1164/rccm.201604-0748CP
https://doi.org/10.1097/MCC.0000000000000597
https://doi.org/10.1164/rccm.201605-1081CP
https://doi.org/10.1016/S2213-2600(18)30366-7
https://doi.org/10.1016/S2213-2600(18)30366-7
https://doi.org/10.1164/rccm.201312-2193CI
https://doi.org/10.1007/s00134-016-4400-x
https://doi.org/10.1007/s00134-016-4400-x
https://doi.org/10.21037/atm.2018.05.53
https://doi.org/10.1097/MCC.0000000000000680
https://doi.org/10.1016/S1441-2772(23)00572-0
https://doi.org/10.1186/s13613-022-01063-z
https://doi.org/10.1164/ajrccm.156.4.96-02031
https://doi.org/10.1097/CCM.0000000000004746
https://doi.org/10.1007/s10877-020-00552-5
https://doi.org/10.1186/s13613-023-01231-9
https://doi.org/10.1186/s13613-023-01231-9
https://doi.org/10.1186/s13613-023-01209-7
https://doi.org/10.1186/s13613-023-01209-7
https://doi.org/10.3389/fmed.2024.1390878
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.1093/biostatistics/5.2.263
https://doi.org/10.1056/NEJMoa1503326
https://doi.org/10.1097/CCM.0000000000003299
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1164/rccm.202311-2011ST
https://doi.org/10.1164/rccm.201610-2076ST
https://doi.org/10.1164/rccm.201610-2076ST
https://doi.org/10.1164/rccm.201602-0320OC
https://doi.org/10.1164/rccm.201907-1425OC
https://doi.org/10.1097/00003246-200208000-00016
https://doi.org/10.1164/rccm.201810-2050CP
https://doi.org/10.1016/j.jcrc.2021.12.002
https://doi.org/10.1016/j.jcrc.2021.12.002


Lu et al. 10.3389/fmed.2024.1483976

Frontiers in Medicine 10 frontiersin.org

 33. Zhu B, Li Z, Jiang L, Du B, Jiang Q, Wang M, et al. Effect of a quality 
improvement program on weaning from mechanical ventilation: a cluster 
randomized trial. Intensive Care Med. (2015) 41:1781–90. doi: 10.1007/
s00134-015-3958-z

 34. Campbell MK, Fayers PM, Grimshaw JM. Determinants of the Intracluster 
correlation coefficient in cluster randomized trials: the case of implementation research. 
Clin Trials. (2005) 2:99–107. doi: 10.1191/1740774505cn071oa

 35. Matthay MA, Arabi Y, Arroliga AC, Bernard G, Bersten AD, Brochard LJ, et al. A 
new global definition of acute respiratory distress syndrome. Am J Respir Crit Care Med. 
(2024) 209:37–47. doi: 10.1164/rccm.202303-0558WS

 36. Perez J, Dorado JH, Papazian AC, Berastegui M, Gilgado DI, Cardoso GP, et al. 
Titration and characteristics of pressure-support ventilation use in Argentina: an online 
cross-sectional survey study. Rev Bras Ter Intensiva. (2020) 32:81–91. doi: 
10.5935/0103-507x.20200013

 37. Luo XY, He X, Zhou YM, Wang YM, Chen JR, Chen GQ, et al. Patient-ventilator 
asynchrony in acute brain-injured patients: a prospective observational study. Ann 
Intensive Care. (2020) 10:144. doi: 10.1186/s13613-020-00763-8

 38. Mauri T, Foti G, Fornari C, Grasselli G, Pinciroli R, Lovisari F, et al. Sigh in patients 
with acute hypoxemic respiratory failure and Ards: the protection pilot randomized 
clinical trial. Chest. (2021) 159:1426–36. doi: 10.1016/j.chest.2020.10.079

 39. Pham T, Telias I, Piraino T, Yoshida T, Brochard LJ. Asynchrony consequences and 
management. Crit Care Clin. (2018) 34:325–41. doi: 10.1016/j.ccc.2018.03.008

 40. Mirabella L, Cinnella G, Costa R, Cortegiani A, Tullo L, Rauseo M, et al. Patient-
ventilator asynchronies: clinical implications and practical solutions. Respir Care. (2020) 
65:1751–66. doi: 10.4187/respcare.07284

 41. Bellani G, Grassi A, Sosio S, Gatti S, Kavanagh BP, Pesenti A, et al. Driving pressure 
is associated with outcome during assisted ventilation in acute respiratory distress 
syndrome. Anesthesiology. (2019) 131:594–604. doi: 10.1097/aln.0000000000002846

 42. Ma JG, Zhu B, Jiang L, Jiang Q, Xi XM. Clinical characteristics and outcomes of 
mechanically ventilated elderly patients in intensive care units: a Chinese multicentre 
retrospective study. J Thorac Dis. (2021) 13:2148–59. doi: 10.21037/jtd-20-2748

 43. Yang J, Zhang B, Hu C, Jiang X, Shui P, Huang J, et al. Identification of clinical 
subphenotypes of sepsis after laparoscopic surgery. Laparosc Endosc Robot Surg. (2024) 
7:16–26. doi: 10.1016/j.lers.2024.02.001

https://doi.org/10.3389/fmed.2024.1483976
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1007/s00134-015-3958-z
https://doi.org/10.1007/s00134-015-3958-z
https://doi.org/10.1191/1740774505cn071oa
https://doi.org/10.1164/rccm.202303-0558WS
https://doi.org/10.5935/0103-507x.20200013
https://doi.org/10.1186/s13613-020-00763-8
https://doi.org/10.1016/j.chest.2020.10.079
https://doi.org/10.1016/j.ccc.2018.03.008
https://doi.org/10.4187/respcare.07284
https://doi.org/10.1097/aln.0000000000002846
https://doi.org/10.21037/jtd-20-2748
https://doi.org/10.1016/j.lers.2024.02.001

	A cluster randomized trial on inspiratory effort-targeted pressure support adjustment strategy in patients undergoing assisted mechanical ventilation: protocol for the IT-PSV study
	1 Introduction
	2 Methods and analysis
	2.1 Study design, settings, and ethics
	2.2 Randomization
	2.3 Patients
	2.3.1 Inclusion criteria
	2.3.2 Exclusion criteria
	2.4 Study procedures
	2.4.1 General standard of care for mechanical ventilation
	2.4.2 Transition of control modes to PSV
	2.4.3 PSV setting strategy
	2.4.4 Rescue backup of controlled ventilation
	2.4.5 Weaning and extubation
	2.5 Data collection
	2.5.1 Data collected at the study entry
	2.5.2 Data collection during daily visits
	2.6 Outcome measures
	2.6.1 Primary outcome
	2.6.2 Secondary outcomes
	2.7 Training and quality control
	2.8 Safety
	2.9 Sample size and statistical analysis
	2.9.1 Sample size estimation
	2.9.2 Statistical analysis plan

	3 Discussion
	Dissemination policy


	References

